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@ AmplHIer arrangement 

@ A signal voftage applied between the input termi- 
nals (3. 4) Is converted by means of a differential 
amplifier (T7-T,o) into two phase-opposed signal cur- 
rents which are inverted by means of a differential- 
lo-single-ended converter (10) into a single-ended 
signal current. The converter (10) comprises a first 
and a second transistor (Ti. Tz) with a common gate 
electrode and a third and a fourth transistor (TsJO 
also with a common gate electrode, whilst the drain 
electrode of the third transistor (T3) is connected to 
the common gate electrode of the first and the 
second transistor (T,. Ta). The common gate elec- 
trode of the third and the fourth transistor (Ts. t») is 
maintained at a voltage which is equal to the sum of 
^one threshold voltage and two saturation voltages by 
Smeans of a fifth transistor (Ts) whose gate electrode 
^fe connected to the drain electrode and to a bias 
gcurrent source (I2). The output (5) of the ainplifier 
Scan be drwen by means of this converter (10) up to 
two saturation voltages of the negative supply termi- 
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Amplifier arrangement 



The invention relates to an amplifier aoange- 
ment comprising a differentiat amplifier having two 
input terminals for receiving an input voltage and a 
differanttal^-to-single-ended converter having an out* 
put terminal for supplying an output current, s^d 
converter including a first and a second transistor 
of a first conductivity type whose source electrodes 
are coupled to a first supply terminal and whose 
gate electrodes are coupled together* and a third 
and a fourth transistor of the first conductivity type 
arranged in cascade with the first and the second 
transistor, respectiveiyi and having their gate elec- 
trodes coupled together. 

An amplifier arrangement of this type can be 
generaiiy used as an operational amplifier having a 
relatively high gain and a relatively large band- 
width. Such an anrangement can be particularly 
used in video drcuits, switched capacitor circuits 
and sample and hold circuits. 

Such an amplifier arrangement is known from 
the book "Anaiysis and Design of Analog Inte- 
grated Circuits" P.R. Gray; R.Q. Meyer, 1984 John 
Wiley and Sons Inc., page 753, fig, 12.38. 

In this known anangement the differential-to* 
single-ended converter is constituted by an im- 
proved Wilson current min'or in which the gate 
electrodes of both the first transistor and the third 
transistor are connected to the drain electrode. 

This anangement has the drawback that the 
output voltage swing of the amplifier arrangement 
is comparatively small. In fact, the drain electrode 
of the fourth transistor connected to the output can 
only be driven up to the sum of one threshold 
voltage and two saturation voltages with respect to 
the negative supply terminal. 

It is therefore an object of the invention to 
provide an amplifier arrangement having a larger 
output voltage swing than the known anrangement. 
According to the invention an amplifier arrange- 
ment ofa type described in the opening paragraph 
is characterized in that the gate electrode of the 
first transistor is coupled to the drain electrode of 
the third transistor and in that the an-angement also 
includes a bias circuit for biassing the gate elec- 
trodes of the thirdand the fourth transistor at a 
voltage which is substantially equal to the sum of 
one threshold voltage and two saturation voltages. 
In the anrangement according to the invention the 
output can be driven up to two saturation voltages 
with respect to the negativ supply terminal. As 
compared with the known arrangement this results 
In an increase of the output voltage swing by one 
threshold voltage which is usually substantially 1 
Volt This leads to a considerable improvement of 



tiie output voltage swing, particularly at low supply 
voltages. 

A first embodiment of an amplifier arrangement 
according to the invention may be characterized in 

5 that the bias circuit includes a fifth transistor of tine 
first conductivity type whose source electrode is 
coupled to the first supply terminal and whose gate 
electrode is coupled to tiie common gate electrode 
of the third and the fourth transistor and to its drain 

w electrode which is coupled to a second supply * 
terminal by means of a first cunrent source. The 
gate-source voltage of tiie fifth transistor is biassed 
by means of tiie first cun-ent source at a voltage 
which is equal to the sum of the threshold voltage 

75 and the saturation voltage of the fourth transistor 
and the saturation voltage of the second transistor 
so tiiat tiie output can be driven up to at least two 
saturation voltages. 

A second embodiment of an amplifier an-ange- 

20 ment may be characterized in that a sixtii transistor 
of the first conductivity type is arranged in series 
with tiie fiftti transistor, the gate electrode of the 
fiftti transistor being coupled to ttie gate electrode 
and to the drain electrode of the sixtii transistor. 

25 A third embodiment of an amplifier arrange- 
ment according to the invention may be character- 
ized in that tiie differential amplifier includes a 
seventh and an eighth transistor of a second con- 
ductivity type opposite to the first conductivity type 

30 whose gate electrodes are coupled to the input 
temiinals and whose source electrode are coupled 
to a common terminal which is coupled by means 
of a second current source to a second supply 
tenminal, and a nintii and a tentti transistor of the 

35 second conductivity type which are arranged in 
cascade witfi the seventh and tfie eighth transistor, 
respectively. This embodiment may be further 
characterized in that the gate electrodes of the 
nintfi and the tenth transistor are coupled together 

40 and in that an eleventh transistor of the second 
conductivity type is arranged between the common 
terminal of the source electrodes of the seventh 
and tiie eighth transistor and the common gate 
electrode of the nintii and the tentii transistor, ttie 

45 drain electrode of said eleventh transistor being 
connected to its gate electrode and to the first 
supply terminal by means of a third cun-ent source. 
The common gate electrode of the ninth and the 
tenth transistor is biassed by means of ti?e elev- 

50 entfi transistor at a substantially fixed voltage with 
respect to the common terminal of the source 
electrodes of the seventii and eighth transistors. 

A further embodiment may be characterized in 
that a twelftti transistor of the first conductivity type 
is arranged in series with the elev nth transistor, 
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said twelfth transistor having its source electrode 
coupled to the common gate electrod of the ninth 
and the tenth transistor and having its gate elec- 
trode coupled to the second supply temninal. Due 
to the twelfth transistor the voltage difference be- 
tween the common terminal of the source elec- 
trodes of the seventh and the eighth transistor and 
the common gate electrode of the ninth and the 
tenth transistor remain substantially constant over a 
large input d. c. voltage range. 

A suitable further embodiment may be char- 
acterized in that the third current source is con- 
stituted by a thirteenth transistor of the first con* 
ductivity type whose source electrode is coupled to 
the first supply terminal and whose gate electrode 
is coupied to the gate electrode of the fifth transis- 
tor. 

A fourth embodiment of an a mplifier an-ange- 
ment according to the invention may be character- 
ized in that the anrangement is fonr^ed as an in- 
tegrated circuit on a substrate of a first conductivity 
type In which the seventh and the eight transistor 
are arranged in a zone of a second conductivity 
type which is connected to the second supply 
terminal and in which the ninth and the tenth tran- 
sistor are anranged in separate zones of the second 
conductivity type which are connected to the 
source electrodes of the seventh and the eighth 
transistor, respectively, and in that the gate elec- 
trodes of the ninth and the tenth transistor are 
connected to the gate electrodes of the sevent and 
the eighth transistor, respectively. In this embodi- 
ment the so-called back-gate effect is used accord- 
ing to which the threshold voltage of a transistor 
increases as the bullc voltage increases. By con- 
necting the zone in which the seventh and the 
eighth transistor are formed to a higher voltage 
than the zones in which the ninth and the tenth 
transistor are formed, the seventh and the eighth 
transistor acquire a higher threshold voltage than 
the ninth and the tenth transistor. This difference is 
so large that the gate electrodes of the ninth and 
the tenth transistor can be connected without any 
problem to the gate electrodes of the seventh and 
the eighth transistor. 

A fifth embodiment of an amplifier an-angement 
according to the invention in which this back-gate 
effect is also used may be characterized in that the 
an-angement is formed as an integrated circuit on a 
substrate of a first conductivity type inwhich the 
seventh and the eighth transistor are anranged in a 
zone of a second conductivity type which is con- 
nected to the second supply temninal and in which 
the ninth and the tenth transistor are anranged in a 
common zone of the second conductivity type 
which is connected to the common t nminal of the 
source electrodes of the sev nth and the eighth 
transistor, and in that the gat electrodes of th 



ninth and the tenth transistor are connected to the 
gate electrodes of the seventh and the eighth tran- 
sistor, respectively. 

A fifth embodiment in which this effect is als 
5 used may be characterized in that the anrangement 
Is formed as an integrated circuit on a substrate of 
a first conductivity type in which the seventh and 
the eighth transistor are arranged in a zone of a 
second conductivity type which is connected to the 
10 second supply terminal and In which the ninth and 
the tenth transistor are arranged in a common zone 
of the second conductivity type which is connected 
to the common terminal of the source electrodes of 
the seventh and the eighth transistor, and in that 
75 the gate electrode of the ninth transistor is con- 
nected to the gate electrode of the tenth transistor 
and to the gate electrode of the seventh transistor. 

The invention will now be described in greater 
detail by way of example with reference to the 
20 accompanying drawings in which 

Rg. 1 shows a first embodiment of an am- 
plifier an-angement according to the Invention, 

Rg. 2 shows a second embodiment of an 
amplifier arrangement according to the invention; 
25 Rg. 3 shows a third embodiment of an am- 

plifier anrangement according to the invention; 

Rg. 4 shows a fourth embodiment of an 
amplifier arrangement according to the invention; 
Rg. 5 shows a fifth embodiment of an am- 
30 piifier an-angement according to the invention, and 
Rg. 6 shows a sixth embodiment of an am- 
plifier an-angement according to the invention. 

Corresponding components have the same ref- 
35 erence numerals in these Rgures. 

Rg. 1 shows a first embodiment of an amplifier 
arrangement according to the invention, it com- 
prises two P-channel transistors T? and Ts ar- 
ranged as a differential pair whose common source 

40 terminal 6 is connected to the positive supply ter- 
minal 2 by means of a current source li. The gate 
electrodes of transistors Ty and Ts are connected 
to input terminals 3 and 4 for receiving an input 
voltage. Two P-channel transistors T9 and T10 are 

45 an-anged in cascode with transistors T7 and Ts. 
respectively. The transistors T9 and Tio have a 
common gale electrode which is maintained at a 
substantially fixed voltage with respect to the so- 
called common-mode voltage at the common 

50 source terminal 6 by means of a P-channel transis- 
tor Tn whose drain electrode is connected to the 
gate eiectrode and to the negative supply tenninal 
1, in this embodiment ground, by means of a 
cunrent sourc I3. 

65 A signal voltage applied between the input 
tenninais 3 and 4 is converted by the differential 
amplifier T7-T10 into two phase opposed signal 
currents which can in principle be taken from the 
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drain electrodes of the transistors Tg and T,o. As is 
known.the cascode transistors Ta and Tio increase 
Ihe bandwidth of the ampiifier arrangement be- 
cause the Miller effect of the drain-gate capaci- 
tance of the transistors T7 and Ts is eliminated. 
Besides, the output impedance and hence the gam 
of the amplifier arrangement is increased thereby. 

The drain electrode of transistor T3 is coupled 
to both the drain electrode of transistor T10 and to 
the output terminal 5 of the amplifier arrangement 
by means of a differential-to-single-ended converter 
10 which converts the differential signal currents in 
the drain leads of transistors T9 nand Tio into a 
single-ended output cunrent at output terminal 5. 
The converter 10 has two N-channel transistors Ti 
and T2 whose source electrodes are connected to 
the supply terminal 1 and whose gate electrodes 
are connected together and to the drain electrode 
of transistors Ta. Two N-channel transistors T3 and 
T* are arranged in cascode with transistors Ti and 
T2. respectively. The gate electrodes of these tran- 
sistors are connected together and are biassed at a 
fixed voltage with respect to ground by means of a 
bias circuit This circuit is constituted by an N- 
channel transistor Ts whose source electrode is 
connected to ground and whose gate electrode is 
connected to the drain electrode and to the com- 
mon gate electrode of transistors T3 and T*. The 
drain electrode of transistor Ts is connected to the 
positive supply temiinal 2 by means of a current 
source I2. The transistors Ti and T2 of the con- 
verter 10 constitute a current mirror which mirrors 
the current flowing through transistor T+. The d.c. 
component therein compensates the d.c. compo- 
nent of the current through transistor Tio. whilst the 
phase-opposed signal cunrents result in an output 
signal current which is twice as large. Due to the 
cascode transistors T* and T10 the amplifier ar- 
rangement acquires a high output impedance and 
hence a large gain. Moreover, the cascode transis- 
tors T4 and Tie eliminate the Miller effect of the 
drain-gate capacitance which is otherwise present 
between the output temninal 5 and the gate elec- 
trode of transistor T2 and the gate electrode of 
transistor Tg. respectively. Consequently the am- 
plifier arrangement acquires a large bandwidth. The 
transistors T3 and Ts render the an-angement sym- 
metrical and decrease the d.c. offset at the output. 

The current intensity of the current source h 
and the dimensions of transistor Ts are chosen to 
be such that the gate-source voltage of transistor 
Ts is substantially equal to the sum of the thresh- 
old voltage and the saturation voltage of transistor 
T* and the saturation voltage of transistor T2. The 
saturation voltage is the minimum drain- source 
voltage which is required to bias a transistor in its 
saturation range. Since the gate-source voltage of 
transistor T4 is equal to th sum of its threshold 



voltage and its saturation voltage, the voltage at the 
source electrode of transistor T* is then at least 
equal to the saturati n voltage of transistor T2 so 
that the voltage at the output terminal 5 can b - 
5 come at least equal to the sum of the saturation 
voltages of Uansistors T2 and T*. The output termi- 
nal 5 may therefore be driven up to two saturation 
voltages, that is to say, up to substantially 400 mV 
of the negative supply terminal 1 without a loss of 
10 gain. As compared witii the known arrangement 
\h\s is an increase of ttie output voltage swing by 
one threshold voltage of approximately 1 V. which 
is a considerable improvement, particularly at low 
supply voltages. 
75 Rg. 2 shows a second embodiment of an am- 
plifier arrangement according to the invention. The 
bias circuit for blessing the common gate electrode 
of transistors T3 and T* now includes an N-channel 
transistor Te which is arranged in series witii tran- 
20 sistor Ts and whose drain electrode is connected 
to rts gate electrode and to the gate electrode of 
transistor T5. In the anrangement of Rg. 1 transistor 
Ts will be generally biassed at a lower current than 
the transistors T2 and T4 in order to obtain a low 
25 dissipation. To realise the desired bias voltage the 
channel length of transistor Ts should be larger 
than that of transistors T2 and T^. The spread in 
the channel lengtii of the transistors occuning due 
to process variations thereby influences the gate- 
30 source voltage of transistor Ts and hence the bias 
voltage in a different way than the gate-source 
voltages of transistor T* and transistor T2. By split- 
ting transistor Ts into two transistors Ts and Te 
each having shorter channel lengths, the bias volt- 
35 age variations occurring due to process variations 
are substantially equal to the variations of the vol- 
tages of the transistors T2 and T* so that the 
minimum output voltage swing has become sub- 
stantially independent of these process vanations. 
40 In tills embodiment cunrent source I3 is formed 
advantageously by an N-channel transistor Tt3 
whose source is connected to ground terminal 1 
and whose gate electrode is connected to the gate 
electrode of transistor Ts which is at a fixed voltage 
45 witii respect to ground. 

Rg. 3 shows a tiiird embodiment of an am- 
plifier arrangement according to \he invention. In 
this embodiment tiie series an-angement of a P- 
channel transistor Ti 1 whose gate electrode is con- 
50 nected to the drain electrode and an N-channel 
transistor T12 whose gate electrode is connected to 
ttie positive supply terminal 2 is arranged between 
tiie common source terminal 6 and the common 
gate electrode of the transistors Ts and Tio. The 
65 common gate electrode of the transistors T9 and 
Tio is maintained by tiiis arrangement at a fixed 
voltage with respect to the terminal 6 over a large 
input d.c. voltage range. In face, the gate-source 
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voltage variations of transistor Tn occurring in th 
case of Input d.c, voftage variations are compen- 
sated by oppositely occurring variations of the 
drain-source voltage of transistor T12 so that the 
sum of these voltages remains substantially con- 
stant. 

Fig. 4 shows a fourth embodiment of an am- 
plifier arrangement according to the invention. In 
this embodiment it is not necessary to use a sepa- 
rate bias circuit to bias the common gate electrode 
of the transistors T9 and T10 at a substantially fixed 
voltage with respect to the terminal 6, but the gate 
electrodes of transistors T9 and T10 are connected 
to the gate electrodes of transistors T7 and Ta, 
respectively. In this arrangement use Is made of 
the so-called back-gate effect which causes the 
threshold voltage of a transistor to increase as the 
voltage between the source electrode and the bulk 
material in which the transistor is formed increases. 
In this embodiment the anrangement is integrated 
on a P-type substrate. The transistors T7 and Ts 
are formed in an N-well 20 which is connected to 
the positive supply tenninal 2 and the transistors 
T9 and Tio are formed in N-wells 30 and 40 which 
are connected to the source electrode of the rel- 
evant transistor. Since the source-bulk voltage of 
transistors T7 and Ts is high and that of transistors 
T9 and Tio Is zero, the threshold voltage of transis- 
tors T7 and Ta is larger than that of transistors T9 
and T10. The difference between these threshold 
voltages Is present between the source and drain 
electrodes of transistors T7 and Ts. Although the 
source-bulk voltage of transistors T7 and Ts is 
dependent on the input d.c. voltage, this voltage 
difference is sufficiently large over a relatively large 
range to drive transistors T7 and Ts into saturation 
so that these transistors can convey a sufficiently 
large cun-ent The threshold voltage of transistors 
T7 and Ts is, for example substantially equal to 1.4 
V over a relatively large range, whilst the threshold 
voltage of transistors Tg and Tio is equal to 1.0 

Fig. 5 shows a fifth embodiment of an amplifier 
arrangement according to the invention. In this em- 
bodiment the transistors T9 and Tio are not ar- 
ranged in separate N-weils but in one common N- 
well 40 which is connected to the common source 
terminal 6. The gate electrodes of transistors Tg 
and Tio are again connected to the gate electrodes 
of transistors T7 and Ts. In this embodiment both 
the source-bulk voltage of the transistors T7 and Ts 
and the source-bulk voltage of the transistors Tg 
and Tto is dependent on the input d.c. voltage, the 
source-bulk voltage of transistors T7 and Ts is then 
larger than th source-bulk voltage of the transis- 
tors Tg and Tio so that the threshold voltage of 
transistors T7 and Ts is always larger than that of 
transistors Tg and Tio. The difference between 



these voltages is present between the source and 
drain electrodes of transistors T7 and Ts and is 
larger than the saturation voltage of these transis- 
tors over a relatively reasonably large range of the 
5 input d.c. voltage so that these transistors can 
convey a relatively large current The arrangement 
' of Rg. 5 is built up very symmetrically. This ar- 
rangement is very suitable for use as a buffer 
amplifier. 

fo Fig. 6 shows a sixth embodiment of an am- 
plifier an-angement according to the invention. In 
this embodiment the transistors Tg and Tie are 
arranged in a common N-well 40 which is con- 
nected to the common terminal 6 of the source 
T5 electrodes of the transistors T7 and Ts. The gate 
electrodes of the transistors Tg and Tio are inter- 
connected and are connected to the gate electrode 
of input transistor T7. This arrangement substan- 
tially has the same properties as the anrangement 
20 of Rg. 5. but it is built up less symmetrically. The 
amplifier anrangement of Rg. 6 is particularly suit- 
able for use in an inverting amplifier in which a first 
capacitor is connected to the input 4 and a second 
capacitor is arranged between the input 4 and the 
25 output 5. If the anrangement of Rg. 5 is used in 
such an amplifier, the drain-gate capacitance of 
transistor T10 influences the gain. When using the 
arrangement of Rg. 6 in such an amplifier, this 
effect does not occur and the gain is only deter- 
30 mined by the first and the second capacitor. 

The invention is not limited to the embodi- 
ments shown and many variations within the scope 
of the invention are possible to those skilled in the 
art. The bias circuit for biassing the common gate 
35 electrode of the transistors Ta and -T* may be 
formed in any other way than in the manners 
shown, provided that this voltage is at least equal 
to the sum of one threshold voltage and two satura- 
tion voltages. The differential amplifier may also be 
40 built up in any other way than in the manner 
shown. In the embodiments of Rg. 5 and 6 the 
common N-well of the transistors Tg and Tio may 
in principle also be connected to the source elec- 
trode of transistor Tg. Rnaily, the amplifier arrange- 
45 ment may of course also be formed with transistors 
of the opposite conductivity type. 



Claims 



60 



1. An amplifier arrangement comprising a dif- 
ferential amplifier having two input terminals for 
receiving an input voltage and a differential-to- 
single-ended converter having an output terminal 
55 for supplying an output current, said converter in- 
cluding a first and a second transistor of a first 
conductivity type whose source electrodes are 
coupled to a first supply terminal and whose gate 
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electrodes are coupled together, and a third and a 
fourth transistor of the first conductivity type ar- 
ranged in cascode with the first and the second 
transistor, respectively, and having their gate elec- 
trodes coupled together, characterized fn that the 
gate electrode of the first transistor Is coupled to 
the drain electrode of the third transistor and in that 
the arrangement also includes a bias circuit for 
foiassing the gate electrodes of the third and the 
fourth transistor at a voltage which Is substantially 
equal to the sum of one threshold voltage and two 
saturation voltages. 

2. An amplifier anrangement as claimed in 
Claim 1, characterized in that ^e bias circuit 'm' 
duties a fifth transistor of the first conductivity type 
whose source electrode is coupled to the first sup- 
ply tenminat and whose gate electrode is coupled 
to the common gate electrode of the third of the 
fourth transistor and to its drain electrode which is 
coupled to a second supply terminal by means of a 
first cunrent source. 

3. An amplifier arangement as claimed in . 
Claim 2. characterized in that a sixth transistor of 
the first conductivity type is arranged in series with 
the fifth transistor, the gate electrode of the fifth 
transistor being coupled to the gate electrode and 

to the drain electrode of the sixth transistor. 

4. An amplifier anrangement as claimed in 
Claim 1, 2 or 3, characterized in that the differential 
amplifier Includes a seventh and an eighth transis- 
tor of a second conductivity type opposite to the 
first conductivity type whose gate electrodes are 
coupled to the input terminals and whose source 
electrodes are coupled to a common terminal 
which is coupled by means of a second cunrent 
source to a second supply terminal, and a ninth 
and a tenth transistor of the second conductivity 
type which are arranged in cascode with the sev- 
enth and the eighth transistor, respectively. 

5. An amplifier anrangement as claimed in 
Claim 4, characterized in that the gate electrodes 
of the ninth and the tenth transistor are coupled 
together and in that an eleventh transistor of the 
second conductivity type is arranged between the 
common terminal of the source electrodes of the 
seventh and tiie elglith transistor and the common 
gate electrode of the ninth and the tenth transistor, 
the drain electrode of said eleventh transistor being 
connected to its gate electrode and to the first 
supply terminal by means of a third current source. 

6. An amplifier arrangement as claimed In 
Claim 5. characterized in that a twelfth transistor of 
the first conductivity type is an^anged In series with 
the eleventh transistor, said twelfth transistor hav- 
ing its source electrode coupled to the common 
gate electrode of the ninth and the tenth transistor 
and having its gate electrode coupled to the sec- 
ond supply tennninal. 



7. An amplifier arrangement as claimed in 
Claim 5 or 6i characterized in that the third current 
source is constituted by a thirteenth transistor of 
tiie first conductivity type whose source electrode 

5 is coupled to the first supply terminal and whose 
gate elecuode Is coupled to the gate electrode of 
the fifth transistor. 

8. An amplifier an^gement as claimed in 
Claim 4, characterized in that tiie arrangement is 

10 formed as an integrated circuit on a substrate of a 
first conductivity type in which tfie seventii and ttie 
eighth transistor are an-anged in a zone of a sec- 
ond conductivity type which is connected to tiie 
second supply terminal and in which tfie ninth and 

75 the tenth transistor are arranged in separate zones 
of the second conductivity type which are con- 
nected to the source electrodes of the seventh and 
Uie eighth transistor, respectively, and in tiiat the 
gate electrodes of tiie ninth and the tenth transis- 

20 tors are connected to tiie gate electrodes of the 
seventh and the eighth transistor, respectively. 

9. An amplifier arrangement as claimed in 
Claim 4, characterized in that tiie arrangement is 
formed as an integrated circuit on a substrate of a 

26 first conductivity type in which the seventh and tiie 
eighth transistor are arranged in a zone of a sec- 
ond conductivity type which is connected to tiie 
second supply terminal and in which the ninth and 
the tenth transistor are arranged in a common zone 

30 of tiie second conductivity type which is connected 
to the common terminal of tiie source electrodes of 
the seventh and the eighth transistor, and in that 
the gate electrodes of the ninth and the tenth 
transistor are connected to the gate electrodes of 

35 the seventii and the eightii transistor, respectively. 

10. An amplifier anrangement as claimed in 
Claim 4, characterized In tiiat tiie arrangement is 
formed as an integrated circuit on a substrate of a 
first conductivity type in which the seventii and the 

40 eighth transistor are arranged in a zone of a sec- 
ond conductivity type whichis connected to tiie 
second supply terminal and in whichthe ninth and 
the tenth transistor are aranged in a common zone 
of the second conductivity type which is connected 

45 to tiie common terminal of the source electrodes of 
the seventh and the eightii transistor, and in tiiat 
tiie gate electrode of the ninth transistor is con- 
nected to the gate electrode of the tentii transistor 
and to the gate electrode of the seventh transistor. 

50 
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